Ascorbic acid (vitamin C, AA) has found legendary applications in topical and skin antiaging products. The stability of AA in aqueousbased formulations in the presence of light, heat, and air has posed significant consumer and marketing concerns. A number of approaches, from the entrapment or encapsulation of AA to its derivatization, have been reported. The relative efficacy, availability, and cost viability of these routes have yet to provide a universally acceptable solution. The most direct approach, the stabilization of AA itself in water-based formulations with the inclusion of alkali metal bicarbonate, is reported herein. The chemical mechanism of this stabilization remains unknown. The surfactant activity, extraneous to AA's antioxidant property, may not be a desirable attribute in certain topical compositions from efficacy and drug safety considerations. For example, 6-O-Ascorbic acid alkanoates are amphiphilic molecules having physical-chemical properties that depend on the alkyl chain length. Longer length of the hydrophobic chain can turn these into either micellar solutions or gel phases, which can enhance the penetration of other constituents present in the same composition into skin. In practical terms, certain ascorbyl esters have been noted to enhance skin penetration of vitamin E and other lipophilic agents (topical ibuprofen, for example) that may be copresent in a water-based formulation [40, 41] .
Introduction
Ascorbic acid (vitamin C, AA) performs legendary biological functions, such as the stimulation of collagen synthesis, the strengthening of skin tissues against attack by external antagonists (UV radiation, pollution), reduction in loss of pigmentation, activity against free radicals and compensation for vitamin B deficiency. A wide spectrum of topical applications of AA is summarized in Cellular biology is catalyzing renewed interest in AA in the management of a variety of human health and wellness concerns. Epigenetic regulation by AA has recently been discovered. An epigenetic change regulates the activity of single genes by the addition of a chemical compound [22] .
Vitamin C exists predominantly as an ascorbate anion under physiological pH conditions. Ascorbate was discovered as a cofactor for methylcytosine dioxygenases that are responsible for DNA demethylation. Ascorbate deficiency could potentially be involved in embryonic and postnatal development, and plays a role in various diseases such as neurodegeneration (Alzheimer's) and cancer through epigenetic downregulation [22] .
Ascorbate also serves as a cofactor for Ten-eleven translocation (TET) dioxygenases that catalyze the oxidation of 5-methylcytosine (5-mC) into 5-hydroxymethylcytosine (5-hmC), and further to 5-formylcytosine (5-fC) and to 5-carboxylcytosine (5-caC), which are ultimately replaced by unmodified cytosine. The Jumonji C (JmjC)-domain-containing histone demethylases also requires ascorbate as a cofactor for histone demethylation. By primarily participating in the demethylation of both DNA and histones, ascorbate appears to be a mediator of the interface between the genome and environment. This highlights potential epigenetic roles of ascorbate in various diseases [23] [24] [25] .
AA is known to be responsible for maintaining the efficacy and the phagocytosis activity of leucocytes. AA also plays a role in osteogenesis by the activation of alkaline phosphatase and increase in the functional activity of osteoblasts [26] .
Root resorption (RR) is defined as the loss of dental hard tissues inside of tooth and root. RR is a pathologic event that can result in the premature loss of the affected tooth. AA has properties of tissue repair, which might play an important role in tooth therapy [27] .
AA is known to act as a prooxidant in the oxidative breakdown of fat in fatty meat products. Cytotoxic and genotoxic lipid oxidation products (malondialdehyde, 4-hydroxy-2-nonenal, volatile aldehydes), protein oxidation products (protein carbonyl compounds) and NOC-specific DNA adducts (O6-carboxy-methylguanine) are thus produced. Lipophilic reducing agents, α-tocopherol, quercetin and silibinin, exerted an antioxidant effect. This is of significance in the oral intake of vitamins during food intake of many fatty meat preparations [28, 29] .
The stability of AA has posed concerns, especially in water-based compositions that seem to be unstable in the presence of air and light, and exposure to heat. In a recent study, oxygen was shown to catalyze one-electron oxidation of AA via two separate mechanisms to produce hydrogen peroxide, which, in itself, is a potent oxidizing agent causing further oxidation of AA [30] . At higher temperatures, AA completely disappeared after 5 months stored in a buffer medium. AA instability to higher temperatures in capsicum preparations was similarly noted. The antioxidant properties of ascorbic acid are negatively influenced by both the moisture content and storage temperature [31] [32] [33] .
A number of approaches to stabilize AA ranging from encapsulation to derivatization have been reported. For example, nanocapsules made with poly (ethyl-2-cyanoacrylate provided protection of AA from oxidation and presented superior storage stability in aqueous medium than pure AA. Several other micro-and nano-capsules and liposomes of AA have been reported [34] [35] [36] [37] [38] .
The preparation of lipophilic ascorbyl esters has received much attention as a possible solution to the instability of (hydrophilic) AA in water-based compositions. Alkyl esters of AA with different acyl chain lengths were found to be stable toward oxidation, possibly due to a tautomeric isomerization. AA esters with the longer acyl chain (C-16, C-14 and C-12) have exhibited good surfactant activity [39] .
The surfactant activity, extraneous to AA's antioxidant property, may not be a desirable attribute in certain topical compositions from efficacy and drug safety considerations. For example, 6-O-Ascorbic acid alkanoates are amphiphilic molecules having physical-chemical properties that depend on the alkyl chain length. Longer length of the hydrophobic chain can turn these into either micellar solutions or gel phases, which can enhance the penetration of other constituents present in the same composition into skin. In practical terms, certain ascorbyl esters have been noted to enhance skin penetration of vitamin E and other lipophilic agents (topical ibuprofen, for example) that may be copresent in a water-based formulation [40, 41] .
Additionally, the comparative in vivo antioxidant efficacy of ascorbic acid and its ester or other derivatives is relatively unknown. The stability issue has received more focus than their relative efficacy, accessibility, or cost viability parameters in formulating AA derivatives.
On theoretical basis alone, the two free hydrogen atoms bonded to C=C bond in AA can be utilized in the capture of free radicals to provide antioxidant benefits (Figure 1) [42] .
This would indicate that, in comparison to itself, any esters or derivatives of AA that have one or both of these functional -OH groups blocked may have a compromised antioxidant activity. However, any such comparative data on a molar equivalence basis seem not to exist. It appears that the esters of AA may be hydrolyzing in vivo to release AA, which then provides the antioxidant action [43] . To illustrate this further, calculated molar equivalents of select AA derivatives are noted in Table 3 . This could indicate the relative amounts of AA esters required to deliver equivalent antioxidant benefit, as per the above AA ester hydrolysis theory. Resolutive research is required.
The examples noted above bring to focus the complexity of AA stabilization via encapsulation and derivatization methods. Formulating AA itself in stabilized topical products offers a most direct, cost viable, easily accessible, and possibly most efficacious route.
Keep it Simple & Safe (KISS): this philosophy of formulating consumer-preferred products has resulted in a very simple method for stabilized AA. It has now been discovered that the inclusion of alkali metal bicarbonates in aqueous-based formulations provides stabilized AA. The use of alkali metal carbonates and hydroxides via identical methodology results in unstable formulations [44] . It is worthy of note that sodium ascorbate, made from AA and sodium bicarbonate, is also unstable [44] . Sodium ascorbate, in a solid form, does not suffer from such instability. The reason for unexpected stability of AA/ bicarbonate/water system reported herein is not known. 
Processing:
The preparative methodology has been reported elsewhere.
Stability testing of samples from examples 1 to 4
Procedure: The samples of examples 1 to 4 are stored at room temperature and also at 40 °C in a container having air space on the top for a period of time. USP Ascorbic Acid Injection Method (ACCU Labs test method C-015) was used to determine ascorbic acid content. Any changes in color or pH were also recorded. These data are summarized in Table 2 .
Results and Discussion
The data in Table 2 clearly show the stability of AA formulations in aqueous media in the presence of alkali metal bicarbonate, even with the inclusion of other skin beneficial agents and processing aids. AA formulations in aqueous media with alkali metal carbonates or hydroxides were unstable under comparative conditions.
Conclusion
Formulation of AA in combination with alkali metal bicarbonate in water-based systems provides heat, light, and air stable compositions. This offers a simple solution to stability concerns relative to AA-based formulations. Ascorbic acid is thus now available for a plethora of topical applications reported in Table 1 
